Abstract: Calcium hydroxide was found to be an effi cient mild base for the one-pot synthesis of curcumin and its analogues obtained by condensation of one equivalent of acetyl acetone with two equivalents of corresponding aromatic aldehyde. The present protocol offers various advantages such as high yields, inexpensive easily available mild base, easy workup and eco-friendly method.
Introduction
Naturally derived products are the most valuable source for drugs and their lead compounds. Curcumin is such an interesting molecule from Mother Nature, commonly known as diferuloyl methane and is a dietary constituent of turmeric. It is a yellow, lipophilic polyphenol compound derived from the rhizome of the herb Curcuma longa L.. Turmeric is commonly used as a colouring agent in cooking and is used as an herb in traditional indian and chinese medicine (Kuttan et al. 1985 (Kuttan et al. , 1987 . Chemically, curcumin is a bis-α,β-unsaturated β-diketone, which exhibits keto-enol tautomerism having a predominant keto form in acidic and neutral solutions and stable enol form in alkaline medium (Anand et al. 2008) . Curcumin possesses diverse pharmalogoical activities including anti-infl ammatory, antioxidant, anticarinogenic (especially, colon cancer), treating alzheimer's disease, anti-HIV, antimicrobial, antidiabetic (Kumar et al. 2003 , Jagetia et al. 2007 , Mukherjee et al. 2007 , Chakraborty et al. 2006 and for other disorders (Hsu et al. 2007 ). Therefore, curcumin is labeled as a multi-targeted drug and researchers call curcumin 'solid gold' for its curative properties. It has been postulated that the biological effi cacy of curcumin arises from the electrophilic nature of its central β-diketone component (Furness et al. 2005) . Recent clinical studies reported that curcumin could be orally administered up to 12 g/day without any toxic effect in humans (Liang et al. 2009 ). Very few methods exist for synthesis of curcumin and the fi rst method developed by Paban (Paban et al. 1937) calls for preparation of carbo methoxyferuloic acid chloride involving tedious steps while the other method require condensation of carbomethoxyferuloyl chloride with vinyl acetate in the presence of anhydrous aluminum chloride in carbon disulfi de (Tarabasanu et al. 1997) . Biosynthetic route for curcumin in plant cells follow blocking of the active methylene group via enol phosphoric acid and this strategy was successfully extended by Jan Van Alphen and Hendrik Jacob Paban for the synthesis of curcumin in 1959. In this method, boric anhydride was used to block the medial methylene group of acetyl acetone and condensation of terminal methyl groups with vanillin was effected under basic conditions (Bratu 2004) . Microwave assisted-boron oxide and microwave assisted-CaO curcumin synthesis are also documented (Nichols et al. 2006 and Elavarasan et al. 2012) . However these reported methods suffer from drawbacks such as harsh reaction condition, tedious workup procedure, low yield, limitations for scale-up, expensive catalyst and isolation of product requires extraction process. Keeping in view of the limited methods reported and conditions employed, we have developed a very facile protocol for synthesis of curcumin and its analogues using calcium hydroxide for the fi rst time as a base for condensation of acetyl acetone with various substituted benzaldehydes. Calcium hydroxide is a mild water soluble base with high pH in water (12.6), obtained through calcination of calcium carbonate (Greenwood et al. 1984) . Use of calcium hydroxide in organic synthesis is very rare and some of its applications include its use in selective C-4 acylation of pyrazolones (Hari et al. 2011) , transesterifi cation of oil (Chen et al. 2011 ) and synthesis of benzopyrans (Saimoto et al. 1996 , Jensen 1959 . In continuation of our interest in developing novel synthetic methodologies, particularly carbon-carbon, carbon-heteroatom bond formations (Narayana et al. 2012 ), herein we report our brief fi ndings for a highly effi cient method for the synthesis of Curcumin via Ca(OH) 2 -mediated condensation (Scheme 1).
Results and Discussion
Acetyl acetone contains two terminal methyl groups and one central methylene group. The central methylene group is more reactive than terminal methyl groups. Therefore to effect condensation at the terminal methyl groups it is necessary to block active methylene group throughout the synthetic process and deblock the same at the end of the synthesis. Acetyl acetone exists in keto and enol forms. The enol form coordinates through both oxygen atoms with the loss of a proton to form a chelate ring and thus acetylacetone acts as a bidentate ligand. Calcium is divalent in nature and it has tendency to form chelate with bidentate ligand. Using this logic it was anticipated that calcium would block the active methylene group via chelation and also act as a base to bring about condensation at the terminal ends with benzaldehyde in one pot. In the initial experiment, we stirred 2 equivalent of vanillin, 1 equivalent of acetyl acetone and 3 equivalent of calcium hydroxide in methanol at 50-60 °C. The progress of the reaction was monitored by TLC and after 48 h, we observed the consumption of starting materials and formation of new spot. After work-up and purifi cation, the product was characterized by spectroscopic methods and confi rmed to be curcumin (Table 2 , 3m, 50 % yield). IR spectrum of curcumin showed a strong and broad hydroxyl absorption band at 3468.5 cm -1 and the 1 H NMR spectrum of curcumin contains two singlets at 3.84 and 9.74 ppm due to the protons of the two methoxy groups and the protons of the two hydroxyl groups respectively, which refl ects its symmetric structure.
13
C NMR spectral data show that curcumin exists primarily in the enol form and not as the diketone. Having successfully obtained curcumin using calcium hydroxide, next we focused out attention on improving the yield and reaction time. The reaction was studied in different solvents and the results are summarized in Table 1 . As is obvious from the Table 1 the reaction proceeded well in DMF at 110 °C (entry 4, Table 1 ) in terms of both yield and reaction time, compared to other solvents. Work up involves pouring of the reaction mixture in to cold water and isolation of the product by simple fi ltration. The scope of this protocol for tolerance of functional groups and steric factor was investigated by subjecting different substituted benzaldehydes to the optimized reaction conditions and the results are presented in Table 2 . It is worth mentioning that aromatic aldehydes bearing both electron donating and withdrawing groups underwent facile condensation to afford the corresponding curcumin analogues in good yield. While study on the effect of substitution on aromatic ring reveals that the reaction is prone to steric hinderance and yields suffer in case of ortho substituted aldehydes. In general, the fi rst step was the reaction of acetylacetone with Ca(OH) 2 building a Ca complex, which inhibited an unpleased Knoevenagel reaction. After addition of a corresponding benzaldehyde, the condensation of the acetylacetone-Ca complex with the aldehyde and an additional elimination occurred. Workup using cold dil. HCl cleaved the Ca complex to give the desired curcumin analogues.
Scheme 1. Calcium hydroxide-mediated synthesis of curcumin.
Experimental section
All purchased chemicals were of analytical grade and used without further purifi cation. All the yields were calculated after purifi cation of products by crystallization process. Melting point is determined by open capillary method and uncorrected. IR spectra were recorded on a Perkin-Elmer FTIR-1710 spectrophotometer. The NMR spectra were obtained on a Bruker DRX-300 Advance instrument using CDCl 3 as solvent and TMS as internal standard. All products were characterized by melting point, IR, 1 HNMR 13 C NMR and mass spectra.
General Procedure for synthesis of curcumin analogues (3a-p):
To a mixture of 2 equivalent of substituted benzaldehyde (10 mmol), 1 equivalent of acetylacetone (5 mmol) dissolved in 20 mL of DMF was added 3 equivalents of calcium hydroxide (15 mmol), and the reaction mixture was stirred at 110 °C. The progress of the reaction was monitored by TLC. After completion of the reaction, it was poured into cold water, neutralized with cold dil. HCl up to pH 4 to 5. The solid precipitated was fi ltered, washed with cold water and purifi ed by crystallization from ethanol.
Spectral data for Curcumin (1, 3m) Tab. 2. Ca(OH) 2 -mediated synthesis of Curcumin from substituted benzaldehydes. .3 (C-6), 122.9 (C-2), 126.5 (C-4´, 4´´), 128.3 (C-2´, 6´, 2´´, 6´´), 128.6 (C-3´, 5´, 3´´, 5´´), 135.2 (C-1', 1"), 140.5 (C-7), 142.3 (C-1), 182.4 (C-3, C-5) ppm C-3´, 3´´), 118.9 (C-6), 121.1 (C-5´, 5´´ ), 122.2 (C-1´, 1´´), 122.9 (C-2), 127.3 (C-5´, 5´´), 128.8 (C-6´, 6´´), 129.4 (C-4´, 4´´), 140.1 (C-7), 142.6 (C-1), 157.3 (C-2´, 2´´), 182.4 (C-3, C-5) ppm (1E, 4Z,6E)-1,7-bis(3,4-dimethoxyphenyl)-5-hydroxyhepta-1,4,6-trien-3- 1E,4Z,6E)-5-hydroxy-1,7-bis(4-nitrophenyl)hepta-1,4,6-trien-3-one IR (KBr): ν 3452, 2933 , 1692 , 1608 , 1177 , 1028 1E,4Z,6E)-5-hydroxy-1,7-bis(3-nitrophenyl)hepta-1,4,6-trien-3- 1E,4Z,6E)-1,7-bis(4-(dimethylamino)phenyl)-5-hydroxyhepta-1,4,6-trien-3- (1E,4Z,6E)-1,7-bis(4-bromophenyl) - 5-hydroxyhepta-1,4,6-trien-3-one 1´´) , 134.8 (C-6´, 6´´), 140.4 (C-7), 142.4 (C-1), 159.3 (C-2´, 2´´), 182.4 (C-3, C-5) ppm (1E, 4Z,6E)-1,7-di(anthracen-9-yl)-5-hydroxyhepta-1,4,6-trien-3- 
(1E,4Z,6E)-5-hydroxy-1,7-dip-tolylhepta-1,4,6-trien-3-one (1E,4Z,6E)-1,7-bis(2-chlorophenyl)-5-hydroxyhepta-1,4,6-trien-3-one
IRone IR (KBr): ν 3425, 2933, 1695, 1608, 1177, 1028, 977, 826 cm
Conclusion
In conclusion, the present paper describes a facile route for one-pot synthesis of curcumin and its analogs using cheap calcium hydroxide as mild base. Compared to literature methods, the present method is remarkable in terms of reaction conditions, work up procedure and high yields of the product obtained and the method would fi nd wide spread application in synthesis of potent curcumin analogs of therapeutic signifi cance.
